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Aggregate  energy  is  usually  measured  in  the  linear  weighted  summation  of  various  energy  types  based 
on  thermal  dynamics  laws.  This  measurement  is  scientific  and  acceptable  in  the  physics  or  energy 
engineering  world.  However,  it  implicitly  assumes  that  all  energy  types  are  perfectly  substitutable  and 
thus  may  result  in  distorted  conclusions  in  energy-economy  research.  In  economics  world,  production 
factors  are  usually  non-linearly  aggregated  using  Divisia  approach,  which  is  derived  from  microeco¬ 
nomic  theory  and  considers  the  heterogeneity  and  imperfect  substitutability  among  various  energies. 
Using  which  “ruler"  to  measure  the  aggregate  energy,  the  linear  one  or  the  others,  will  certainly  affect 
the  conclusions  and  energy  saving  incentives  of  the  economic  agents.  Inequitable  energy  aggregations 
may  bring  out  speculations  or  discouraged  behaviors.  According  to  China’s  current  provincial  energy 
efficiency  performance  assessment  policy,  the  central  government  assigned  the  target  of  reducing  the 
national  aggregate  energy  intensity  by  20%  in  2006-2010  to  provincial  authorities  in  2006.  And  in  July 
2011,  the  central  government  formally  released  the  provincial  assessment  results  based  on  conven¬ 
tional  linear  aggregation  approach  (coal  equivalent).  Our  re-examination  review  this  policy  and  show 
that  the  official  results  are  quite  different  to  that  based  on  Divisia  approach.  From  the  perspective  of 
economics,  some  local  performances  are  overestimated  and  others  are  underestimated.  To  raise  the 
equity  and  incentive  compatibility  of  the  assessment,  we  suggest  the  central  take  the  imperfect 
substitutability  or  energy  structure  changes  into  consideration.  We  also  discuss  the  difficulties  and 
deficiencies  when  using  Divisia  aggregate  approach. 

©  2012  Published  by  Elsevier  Ltd. 


Contents 


1 .  Introduction . 4537 

2.  Methodology  and  data  sources . 4538 

3.  Results  and  discussion . 4539 

3.1.  Aggregate  energy  intensity  based  on  different  aggregations .  4539 

3.2.  Provincial  energy  efficiency  performance  re-examination .  4539 

4.  Policy  implications  and  approach  discussion . 4540 

Acknowledgments . 4542 

References . 4542 


1.  Introduction 

Turvey  and  Nobay  [1]  argued  that  an  economic  phenomenon 
deserves  an  economic  approach.  However,  in  energy-economy 
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research  or  policy  practice,  this  is  not  always  the  case.  Many 
national  or  regional  energy  efficiency  (or  energy  intensity)  perfor¬ 
mance  assessments  are  such  cases.  For  example,  IEA  [2]  reported 
the  aggregate  energy  in  terms  of  calorific  or  heating  value,  which  is 
not  economic  approach  but  physical  one.  In  this  paper,  we  will 
review  China’s  provincial  energy  intensity  reduction  assessment. 

During  the  last  two  decades  in  the  20th  century,  China  made 
great  achievements  on  energy  efficiency  with  63%  energy  inten¬ 
sity  reduction  according  to  the  official  data  [3],  However,  contrary 
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to  most  of  the  earlier  predictions,  and  partly  due  to  the  rapid 
industrialization  and  energy  intensive  fixed  asset  investment,  its 
energy  consumption  increased  dramatically  with  a  result  of  2% 
intensity  increasing  in  the  first  five  years  of  this  century[4].  In 
order  to  reverse  the  trend  of  intensity  rising,  China’s  central 
government  set  a  challenging  target  of  reducing  its  aggregate 
energy  intensity  by  20%  in  2010  compared  with  that  in  2005.  And 
it  assigned  this  target  to  local  provincial  authorities  to  reduce 
their  provincial  energy  intensity  by  12-22%.  The  quantitative 
assignments  across  provinces  are  different  according  to  their 
local  economic  development  levels  and  their  informal  negotia¬ 
tions  with  the  central  government  (see  Fig.  1(a)).  For  example, 
Beijing  was  required  to  reduce  its  energy  intensity  by  20%,  and 
Hainan  was  allocated  12%  reduction.  According  to  the  central 
authority’s  declaration,  if  a  province  failed  to  accomplish  its 
assignment,  its  provincial  governors’  would  probably  be  nega¬ 
tively  affected  on  political  promotion,  and  those  with  excellent 
performance  will  probably  be  promoted.  And  in  June  2011,  the 
central  government  officially  released  the  provincial  energy 
efficiency  performance  assessment  communique:  all  the  pro¬ 
vinces  successfully  accomplished  the  assignment  except  for 
Xinjiang  (this  region  was  exempted  because  it  encountered  many 
other  social  difficulties),  and  among  the  31  provinces,  18  of  them 
over-fulfilled  their  assignments  by  0-2%.  Beijing  performed  the 
best  with  a  26%  intensity  reduction  in  2006-2010  according  to 
the  communique.  Many  researchers  and  public  media  doubt  the 
provincial  raw  data  reliability.  In  this  paper,  we  will  not  discuss 
the  raw  data  quality.  We  only  re-examine  the  aggregation  of 
various  energy  types  and  compare  the  results  based  on  different 
aggregation  approaches. 

In  July  2011,  China’s  central  government  assigned  its  new 
round  of  provincial  energy  conservation  target  for  2011-2015 
(see  Fig.  1(b)).  So  the  measurement  methods  of  aggregate  energy 
intensity  reduction  are  vital:  appropriate  measurement  methods 
may  incentive  local  authorities’  energy  efficiency  behaviors.  By 
contrast,  inappropriate  measurement  methods  may  result  in 
discouraged  or  speculative  behaviors,  which  is  inequitable  and 
not  helpful  to  reduce  the  whole  country’s  energy  intensity. 

Though  these  administrative  or  incentive  mechanisms  on 
energy  efficiency  have  some  disadvantages,  they  come  into  some 
effects  in  the  short  run.  Almost  all  the  local  governments  have 
tried  their  best  to  achieve  their  aims.  And  in  order  to  ensure 
the  accuracy  and  reliability  of  the  raw  energy  and  GDP  data,  the 
central  government  has  made  great  efforts  to  enhance  the 
provincial  data  statistical  regulatory.  However,  there  are  still 
some  corners  left  that  may  have  impacts  on  the  equity  of 
performance  assessment.  The  energy  aggregation  approach  is 
such  one.  According  to  China’s  current  provincial  statistical 
regulations,  the  linear  weighted  summation  on  various  energy 
types  is  used  for  measuring  aggregate  energy,  and  this  method  is 
based  on  the  first  law  of  thermal  dynamics  and  coal  equivalent.  In 
detail,  coal,  oil  and  gas  are  converted  to  standard  thermal  unit 
according  to  their  heat  content;  hydro/nuclear/wind  power,  and 
net  import/moving  in  power  from  other  countries/provinces  are 
converted  to  equivalent  coal  according  to  the  average  efficiency  of 
thermal  power  generation  (about  37%).  We  call  it  equivalent 
value  approach,  which  is  one  of  the  conventional  linear  aggrega¬ 
tion  approaches.  However,  different  energy  has  different  quality 
or  work.  Using  exergy  accounting,  another  linear  aggregation 
approach,  Chen  and  Chen  [5,6]  investigated  China’s  energy 
consumption  in  detail  based  on  the  second  law  of  thermody¬ 
namics.  These  two  methods  are  scientific  and  acceptable  in 
physics  and  energy  engineering  world.  However,  in  economics 
world,  linear  aggregation  methods  implicitly  assume  that  all  the 
energy  types  are  homogeneous,  freely  inter-convertible,  and 
perfectly  substitutable  (i.e.  the  substitution  elasticities  among 


them  are  infinity).  In  fact,  all  energy  types  are  heterogeneous 
and  their  substitution  elasticities  are  finite.  Their  marginal  pro¬ 
ducts  are  unequal,  which  results  in  different  market  prices. 
The  imperfect  substitution  elasticity  assumption  may  result  in 
partial  or  distorted  conclusions  in  energy-economy  research.  The 
conventional  linear  aggregation  approaches  based  on  thermal 
dynamics  are  not  good  enough  for  energy-economic  analysis.  In 
microeconomics,  aggregation  theory  and  methodology  are  deeply 
studied  and  widely  used  in  capital  and  labor  accounting  [7], 
Derived  from  microeconomic  theory,  Divisia  approach  as  well  as 
Tornqvist  or  Sato-Vartia  approach  as  its  discrete  types,  are  such 
super  aggregations  and  widely  used  in  composite  price  index  [8] 
and  composition  analysis  [9,10]. 

Using  which  “ruler”  to  measure  the  aggregate  energy  (the 
linear  one,  Divisia  or  others)  will  certainly  affects  the  conclusions 
and  energy  saving  incentives  of  the  economic  agents.  Inequitable 
energy  aggregations  may  bring  out  speculations  or  discouraged 
behaviors.  In  energy-economic  empirical  study,  few  literatures 
investigated  the  energy  aggregation  issue.  Berndt  [11]  argued  the 
advantages  of  Divisia.  Cleveland  et  al.  [12]  illustrated  three  case- 
studies  and  showed  that  the  conclusions  were  reversed  by  using 
the  Divisia  methods.  And  Stern  [13]  further  investigated  the 
energy  quality  issue  from  the  perspective  of  economics.  By 
investigating  the  aggregation  approach,  Liao  and  Wei  [14]  further 
explained  China’s  energy  intensity  fluctuation  in  1996-2005.  In 
this  paper,  we  re-examine  the  possible  partial  assessment  on 
provincial  energy  efficiency  performance,  which  have  already 
been  and  will  continue  to  be  executed  by  China’s  central 
government. 

2.  Methodology  and  data  sources 

We  will  employ  Divisia  approach  to  account  China’s  provincial 
aggregate  energy  intensity  reduction  during  2006-2010,  and 
compare  the  results  to  that  of  the  official  “equivalent  value 
method”  (i.e.  coal-equivalent  method).  Aggregate  energy  inten¬ 
sity  is  usually  measured  as  aggregate  energy  consumption  per 
unit  of  GDP.  There  are  several  methods  to  aggregate  the  various 
energy  types.  Divisia  approach  has  many  advantages  over  the 
conventional  ones  since  it  considers  the  imperfect  substitutability 
among  various  energy  types.  Divisia  approach  can  be  described  as 
the  following: 

d  In  E  =  ^  P'6'  d  In  e,-  =  ^  Sjd  In  e,-  (1 ) 

*  =  1  E  Piei  1  =  1 

i=j 

There  are  n  energy  types  in  the  system,  e,  represents  the 
consumption  of  the  ith  energy  type  (i=  l,2,...,n),  and  E  is  the 
Divisia  aggregate  energy,  p,  denotes  the  energy  price  of  the  ith 
energy  type.  And  si  =  piei/J2l=\PiSi,  represents  the  cost  share. 
According  to  the  above  differential  equation,  the  aggregate  energy 
growth  rate  is  equal  to  the  weighted  sum  of  the  growth  rates  of 
various  energy  types,  and  the  weights  are  their  cost  shares.  If  the 
growth  rates  of  various  energy  types  are  equal  to  each  other,  the 
Divisia  aggregate  energy  equals  the  linear  aggregate.  According  to 
integral  mean  value  theorem,  we  estimate  the  Divisia  aggregate 
energy  index  by  using  the  Sato-Vartia  method.  For  more  details 
about  Divisia  aggregation,  please  see  Balk  [8],  Stern  [13],  Liao  and 
Wei  [14].  The  elasticity  of  substitutions  among  energy  types  can 
also  be  derived  based  on  Divisia  approach. 

We  will  re-examine  China’s  provincial  energy  intensity  reduc¬ 
tion  performance  in  2006-2010  and  compare  it  with  the  official 
assessment  communique.  There  are  31  provincial  authorities  in 
mainland  China.  Unfortunately,  till  now  only  some  provinces 
reported  their  energy  balance  in  detail.  Due  to  the  data 
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unavailability,  we  can  only  investigate  13  provinces  as  illustra¬ 
tions.  And  we  also  examine  the  performance  of  the  whole 
country.  All  physical  energy  data  are  sourced  from  provincial 
statistical  yearbooks.  The  prices  of  coal,  oil  products  and  electri¬ 
city  refer  to  the  ex-factory  price  (including  value  added  tax)  and 
are  estimated  based  on  China's  Second  National  Economic  Census. 
To  a  large  extent,  China’s  natural  gas  price  is  regulated  by 
government,  and  it  did  not  increase  so  much  as  the  oil  price  in 
earlier  2008.  Because  energy  prices  (especially  for  coal)  are  quite 
different  across  provinces,  we  use  the  average  price  nationwide. 
We  will  further  discuss  the  price  issue  at  the  end  of  this  paper. 


3.  Results  and  discussion 

3.1.  Aggregate  energy  intensity  based  on  different  aggregations 

Fig.  1  shows  China  and  its  13  provincial  aggregate  energy 
intensity  reduction  measurement  results  in  2005-2006  (Year  of 
2005  index=l).  The  bold  curves  represent  the  central  govern¬ 
ment  communique  which  is  based  on  conventional  equivalent 
value  approach,  and  the  thin  ones  refer  to  the  results  based  on  the 
Divisia  method. 

From  the  comparative  static  analysis  perspective,  the  accumu¬ 
lative  aggregate  energy  intensity  reduction  rate  in  seven  provinces 
(Chongqing,  Fujian,  Guangxi,  Hebei,  Henan,  Ningxia,  Qinghai) 
during  2006-2010  are  similar  both  measured  in  Divisia  approach 
and  in  coal  equivalent.  This  is  due  to  little  changes  in  energy 
cost  structure  in  2010  compared  to  that  in  2005.  For  example,  the 
cost  share  of  coal,  oil,  natural  gas  and  primary  electricity  (includ¬ 
ing  net  moved  in  from  other  provinces)  are  respectively  63.2%, 
35.7%,  0.9%,  0.2%  in  2005;  and  65.2%,  32.3%,  1.9%,  0.6%  in  2010. 

While  from  the  dynamic  analysis  perspective,  the  aggregate 
Divisia  energy  intensity  reduction  paths  are  quite  different  from 
the  coal  equivalent  ones,  i.e.  the  bold  curves  are  not  coincided 
with  the  thin  ones.  This  is  because  the  growth  rates  of  various 
energy  types  are  not  the  same  with  each  other  or  the  energy 
structure  changes  significantly.  For  example,  coal  consumption  in 
Fujian  decreased  by  5.9%  in  2010  compared  with  that  in  2009, 
while  the  consumption  oil,  natural  gas  and  primary  electricity 
(including  net  moved  in  from  other  provinces)  are  dramatically 
rose  by  41.9%,  238.5%  and  25.5%  respectively.  That’s  the  reason 
why  the  curve  in  Fujian  went  upward  in  2010  instead. 


3.2.  Provincial  energy  efficiency  performance  re-examination 

Difference  between  the  bold  and  thin  lines  indicates  that  the 
“ruler”  will  certainly  affects  the  energy  efficiency  performance 
assessment  results.  And  different  "ruler”  will  induce  different 
energy  saving  incentives.  Inequitable  energy  aggregations  may 
bring  out  speculations  or  discouraged  behaviors:  when  the  aggre¬ 
gate  energy  is  measured  by  coal  equivalent,  energy  with  high 
quality  or  high  marginal  products  (such  as  oil  and  natural  gas)  will 
be  used  in  priority,  although  it  is  not  cost-effective  since  the  oil  and 
gas  prices  are  higher  than  the  coal  price.  More  using  of  oil  and  gas 
and  less  using  of  coal  is  helpful  to  improve  the  “book  value”  when 
the  central  government  assesses  local  energy  efficiency  perfor¬ 
mance.  However,  from  the  perspective  of  economics,  this  means 
distorted  resource  allocation  and  may  cause  inefficiency. 

According  to  the  official  communique  released  in  June  2011, 
Beijing’s  performance  on  energy  efficiency  ranked  the  best,  with  a 
26.6%  energy  intensity  reduction  in  2006-2010.  Definitely,  Beijing 
has  made  great  efforts  to  improve  its  energy  efficiency  and 
achieved  great  success.  However,  if  we  measure  Beijing’s  aggre¬ 
gate  energy  by  using  Divisia  aggregation  approach,  we  will  find 
that  it  reduced  its  energy  intensity  by  21.4%  during  this  period, 
lower  than  the  official  report  (still  fulfilled  the  assignment).  We 
can  use  the  energy  structure  change  as  shown  in  Table  1  to 
further  explain  this  phenomenon.  Coal  share  impressively 
decreased  from  43.3%  in  2005  to  30.2%  in  2010,  and  natural  gas 
share  increased  near  7  percentages  in  the  five  years. 

During  2006-2010,  coal  consumption  in  Beijing  has  an  average 
reduction  of  2.8%  annually.  While  oil  and  natural  gas  consumption 
increased  by  5.8%  and  18.8%  respectively  as  show  in  Table  2.  The 
sum  of  the  primary  electricity  consumption  and  the  net  moving 


Table  1 

Energy  structure  in  Beijing  (%). 


Year 

Coal 

Oil 

Natural  gas 

Primary  electricity3 

2005 

43.3 

28.3 

7.6 

20.8 

2006 

39.4 

29.0 

9.3 

22.4 

2007 

36.2 

30.6 

10.0 

23.2 

2008 

33.1 

31.0 

12.7 

23.2 

2009 

30.8 

30.7 

13.7 

24.7 

2010 

30.2 

30.1 

14.4 

25.4 

a  Including  the  net  moved  electricity  from  other  provinces. 


Fig.  1.  China’s  provincial  aggregate  energy  intensity  reduction  assignment.  (Note:  it  is  a  schematic  map  and  does  NOT  implicate  the  definite  boundaries.  The  numbers  refer 
to  the  assigned  reduction  rate). 
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Table  2 

Energy  indicators  annual  change  rate  (%). 


Province 

Aggregate  energy  consumption 

Energy  intensity 

Energy  consumption  by  type 

Divisia 

Coal  equivalent 

Divisia 

Coal  equivalent 

Coal,  primary  electricity  and  net 
moved  from  other  province 

Oil 

Natural  gas 

Beijing 

6.2 

4.7 

-6.0 

-4.7 

1.5 

5.8 

18.8 

Chongqing 

10.2 

9.7 

-4.6 

-4.2 

9.4 

9.7 

12.5 

Fujian 

10.7 

9.8 

-3.5 

-2.7 

8.3 

11.1 

129.7 

Gansu 

5.5 

6.3 

-4.4 

-5.1 

6.6 

4.1 

8.2 

Guangxi 

9.9 

10.2 

-3.2 

-3.5 

10.5 

8.9 

6.0 

Hebei 

6.7 

6.8 

-4.4 

-4.5 

6.6 

6.5 

26.8 

Henan 

8.1 

7.9 

-4.4 

-4.2 

7.7 

8.4 

14.9 

Jilin 

7.5 

9.3 

-4.9 

-6.5 

9.9 

5.3 

23.5 

Jiangxi 

6.2 

8.2 

-4.4 

-6.2 

8.8 

3.4 

171.8 

Ningxia 

7.3 

7.7 

-4.4 

-4.8 

7.6 

5.4 

15.3 

Qinghai 

9.2 

9.0 

-3.7 

-3.5 

8.5 

6.3 

15.6 

Shaanxi 

10.4 

9.8 

-4.4 

-3.8 

8.4 

10.1 

27.4 

Sichuan 

10.2 

8.7 

-4.4 

-3.1 

9.4 

9.7 

12.5 

Yunnan 

10.3 

7.6 

-3.8 

-1.3 

6.8 

14.3 

-9.8 

China 

6.4 

6.6 

-4.1 

-4.3 

6.3 

5.7 

18.4 

from  other  provinces  has  increased  by  8.7%  annually  during  2006- 
2010  in  Beijing.  According  to  the  conventional  linear  aggregation 
approach,  electricity  is  measured  by  coal  equivalent  (average 
quantity  of  coal  used  for  power  generation).  When  considered  this 
point,  the  aggregated  coal  and  electricity  consumption  rose  by  1.5% 
annually  in  average,  which  is  also  much  lower  than  that  of  oil  and 
natural  gas.  In  general,  oil  and  natural  gas  have  much  more 
marginal  products  than  coal.  One  unit  thermal  heat  increase  in 
oil  or  natural  can  produce  more  GDP  than  that  of  one  unit  thermal 
heat  increase  in  coal.  This  means  that  during  2006-2010,  Beijing 
used  less  oil  and  natural  gas  to  substitute  more  coal  (in  terms 
of  heat  content),  which  resulted  in  less  energy  consumption 
and  more  energy  intensity  reduction  since  they  are  measured 
in  equivalent  value.  Therefore,  equitably  speaking,  the  central 
government  communique  overestimated  Beijing  energy  efficiency 
performance  to  some  extent.  When  taken  the  energy  structure  into 
accounts,  Beijing  may  not  rank  the  best  across  the  provinces. 
(However,  it  should  be  remind  that  Beijing  has  already  made  great 
efforts  on  energy  conservation  and  achieve  great  success.) 

If  we  examine  the  aggregate  energy  intensity  reduction  in 
Gansu,  Jilin  and  Jiangxi,  the  results  are  the  inverse  cases.  Accord¬ 
ing  to  the  communique,  their  energy  intensities  decreased  by 
20.3%,  22.0%  and  20.4%  respectively  during  2006-2010.  However, 
if  we  measure  their  performance  by  using  Divisia  concept,  they 
performed  more  excellent  with  their  intensities  reduction  of 
23.0%,  28.4%,  27.2%.  That’s  because  the  growth  rates  of  oil 
consumption  were  much  lower  than  that  of  coal  and  electricity 
consumptions  in  these  three  provinces.  Though  natural  gas 
consumption  in  Jiangxi  increased  dramatically,  it  can  only 
substitute  little  coal  due  to  its  litter  share  (whether  in  terms  of  heat 
content  or  cost)  in  the  aggregate  energy  consumption.  Therefore, 
equitably  speaking,  the  central  government  communique  under¬ 
estimated  the  energy  efficiency  performance  of  Gansu,  Jilin  and 
Jiangxi.  If  all  the  provincial  energy  efficiency  performances  were 
re-examined  by  using  the  Divisia  method,  the  ranks  may  be  quite 
distinct  to  the  current  one  released  by  the  central  government.  Some 
provinces  tried  to  improve  their  “book  performance"  by  keeping  a 
relative  higher  growth  rate  of  the  oil  and  gas  and  lower  growth  rate 
of  the  coal.  However,  this  trick  is  not  suggested. 

We  also  report  the  result  for  China  in  Fig.  2.  During  2006- 
2010,  China’s  aggregate  energy  intensity  decreased  by  19.8% 
when  measured  in  Divisia  approach,  which  is  slightly  faster  than 
that  in  terms  of  coal-equivalent.  That’s  because  the  cost  share  of 
natural  gas  rose  faster  than  that  of  coal  and  primary  electricity, 
i.e.  the  energy  cost  structure  changed. 


4.  Policy  implications  and  approach  discussion 

Capital  and  labor  aggregation  issues,  as  well  as  their  impacts 
on  economic  growth  accounting  and  economic  policy  research, 
were  intensively  studied  in  1960s  and  1970s.  However,  energy 
aggregation  issues  still  did  not  get  sufficient  attention.  When 
we  measured  the  energy  in  Divisia  concept  in  the  aggregate 
economic-energy  issues,  some  results  may  be  distinct  to  that 
measured  in  conventional  linear  aggregate  method,  especially  for 
regions  with  large  energy  structure  changes, 

What’s  more,  different  aggregate  approaches  may  result  in 
different  incentive  effects.  In  June  2011,  China’s  central  govern¬ 
ment  released  its  local  authorities’  energy  efficiency  evaluation 
performance.  From  the  perspective  of  economics,  some  provinces 
were  underestimated,  and  some  others  overestimated.  In  July 
2011,  the  central  government  assigned  its  new  round  of  provin¬ 
cial  energy  conservation  target  for  2011-2015.  Both  the  central 
authority  and  policy  researchers  highly  emphasize  the  accuracy 
and  reliability  of  the  raw  energy  data  when  assessing  the  local 
performance.  However,  the  linear  aggregation  method  is  taken  for 
granted.  We  argue  that  the  scientific  and  appropriate  energy 
aggregation  approach  is  also  vital  to  assessment.  The  central 
government  strictly  calculates  the  aggregate  energy  using  the 
coal-equivalent  method  and  that  is  inequitable  for  those  pro¬ 
vinces  with  higher  coal  and  electricity  consumption  growth  rates 
such  as  Gansu,  Jilin  and  Jiangxi.  In  the  long  run,  it  will  improperly 
encourage  speculations  for  local  provinces  to  use  more  oil 
products/natural  gas  and  less  coal/hydropower,  since  the  former 
two  have  more  marginal  products  and  can  substitute  more  coal  in 
terms  of  thermal.  And  the  consequences  may  be  the  distorted 
market  and  economic  growth,  which  is  not  good  for  China's 
development  in  the  long  run.  It  will  also  discourage  local 
authorities  to  develop  hydropower  and  wind  power  since  they 
are  measured  according  to  thermal  power  generation  efficiency. 
In  this  paper,  we  can  only  calculate  14  provinces’  Divisia  aggre¬ 
gate  energy.  If  other  provinces’  data  are  available,  the  comparison 
may  be  more  interesting. 

Good  energy  efficiency  policies  should  be  those  with  incentive 
compatibility.  When  evaluating  the  local  energy  efficiency  per¬ 
formance,  if  the  central  government  taken  the  heterogeneity  and 
imperfect  substitutability  among  various  energy  types  (i.e.  energy 
structure  changes)  into  consideration,  the  evaluation  may  be 
more  equitable  and  some  speculations  may  be  reduced. 

Though  Divisia  approach  has  many  advantages  over  coal 
equivalent  (or  thermal  equivalent)  method  in  energy-economy 
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Fig.  2.  China  and  its  provincial  energy  intensity  (2005  Indexed  =  1.0). 


analysis,  it  has  some  deficiencies  too.  Firstly,  it  reflects  the 
demand-supply  balance  and  implicitly  assumes  perfect  market 
and  the  prices  of  various  primary  energy  types  were  equal  to  their 
marginal  products.  But  some  energy  prices  are  regulated  inap¬ 
propriately  especially  for  the  primary  electricity  and  cannot 
reflect  their  environment  externalities  in  many  countries.  There¬ 
fore,  their  practical  trade  prices  are  not  always  equal  to  their 
marginal  products.  To  ensure  the  research  accuracy,  theoretically, 
the  distorted  trade  prices  can  be  replaced  by  the  shadow  prices 


which  are  difficult  to  calculate.  Secondly,  there  are  large  price 
gaps  across  the  provinces,  especially  for  coal.  If  we  use  the  same 
price  for  various  regions,  this  may  not  reflect  the  fact.  Though 
there  is  some  difficulty  to  measure  the  price  accurately,  one  thing 
is  certain:  oil  and  gas  price  are  higher  than  coal  price  (in  terms  of 
thermal)  in  most  regions.  Sometimes  we  cannot  measure  the 
Divisia  aggregate  energy  accurately,  but  we  can  qualitatively 
estimate  the  direction  of  partial  effect  of  coal  equivalent 
approach.  For  example,  in  this  paper,  we  can  judge  whether  the 
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provincial  energy  performance  assessment  is  underestimated  or 
overestimated.  Therefore,  we  suggest  the  central  taking  the 
energy  structure  changes  or  Divisia  concept  into  considerations 
when  evaluating  local  authorities’  performance  by  using  coal 
equivalent  approach.  That  will  be  helpful  to  improve  the  energy 
efficiency  incentive  compatibility. 
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